Introduction
Changes in the nitrogen relations of plants caused by altering the nitrogen supply have been studied by numerous investigators. These changes, however, must be correlated with the metabolism of other substances, especially carbohydrates, in order to understand better the nitrogen relationships.
The nitrogenous metabolism of the seedling concerns itself mainly with the decomposition of already existing proteins stored in the kernel, followed by the translocation and regeneration of the simpler substances into proteins at the growing points. A study of etiolated seedlings may be expected to yield information as to the intermediate products of protein metabolism, for protein regeneration is inhibited in the absence of light, owing primarily to insufficient carbohydrate supply.
PRIANISCHNIKOW and coworkers (7, 8, 9) have emphasized the importance of available carbohydrates in the nitrogen metabolism of etiolated seedlings supplied with ammonium salts; however, no carbohydrate determinations were made. The seedlings, grown in water cultures for a period of ten days in the dark, were classified into three groups:
I. Seedlings of the grass type (barley, maize) and the pumpkin when supplied with ammonium salts showed increases in total nitrogen and amides, but no increase in ammonia.
II. Seedlings of the starchy legumes (pea, vetch) increased in total nitrogen and amides only when ammonium salts were accompanied by calcium carbonate.
III. Seedlings of yellow lupine showed that nutrition with ammonium salts caused serious disturbances in the synthetic reactions, manifested by accumulation of ammonia and decrease of asparagine. Addition of calcium carbonate failed to restore the normal course of nitrogen metabolism.
The seeds used differ greatly with respect to the relative amounts of nitrogen free and nitrogen containing reserves (7) . The respective ratios used as an index to these differences are as follows: grass type 6: 1, starchy legumes 2: 1, and yellow lupine 0.6: 1. Artificial types were employed (7, 14) from which it was shown that utilization of ammonium salts was not a specific character of the plant, but depended upon the nutritive condition.
One of the chief criticisms concerning PRIANISCHNIKOW'S investigations is the method which he employed in preparing the plant material for analy-sis. The seedlings were dried at 700 C., thus rendering his ammonia determinations misleading. Furthermore, he did not separate the principal storage organs from the remainder of the seedlings, thereby having no basis for determining the extent of protein decomposition in the seed and regeneration in the growing seedling. HUNTER (3), employing improved methods of chemical analysis, including carbohydrate determinations, carried out experiments similar to those by PRIANISCHNIKOW, and found that the response of Cucurbita seedlings to ammonium salts was very different from that reported by PRIANISCHNIKOW (7, 8) , mainly with respect to the accumulation of ammonia; however, the response of Phaseolus was similar to that reported (7, 8) for the starchy legumes.
It is unfortunate that PRIANISCHNIKow did not grow his seedlings in complete nutrient solutions, as the distilled water and the solution of ammonium salts used unquestionably had effects which would not have appeared had the usual ions been present (15) . There is evidence (10, 15) Discussion Cucurbita pepo (10 days).-The increase in total nitrogen caused by ammonium was contributed largely by the ammonia fraction. The increase in amides was apparently due to a favorable carbohydrate-nitrogen balance; however, the increase was much less than that reported by PRIANISCHNIKOW (7, 8) . Protein formation was favored by ammonium nutrition, but not at the expense of the protein reserves. Accumulation of reducing sugars in the stems and roots was remarkably checked by ammonium. Sucrose relations appeared to be somewhat obscure in this and other species studied.
The per cent. The tendency to hinder utilization of the oily reserve was more pronounced in the 19-day ammonium injured seedlings. This injury was characterized by withering of the young leaves, which was also shown by ammonium injured Phaseolus. In all the species studied root discoloration was not associated with ammonium injury. Phaseolus vulgaris (10 days).-Marked increases in ammonia and residual nitrogen resulted from ammonium nutrition. Although considerable amides accumulated, curiously, ammonium absorption did not materially increase this fraction due apparently to an unfavorable carbohydratenitrogen balance in which the high concentration of sugars associated with slow absorption of ammonium favored protein regeneration or synthesis. Ammonium absorption had practically no effect on the amide fraction in the ammonium injured seedlings (22 days). The conditions existing in these seedlings were somewhat analogous to those in the yellow lupines (9 days ). An insufficient supply of sugars, even though much ammonia had accumulated, failed to result in amide synthesis, perhaps owing to lack of oxidation products of sugars. Considerable accumulation of residual nitrogen in both series suggests serious need of investigating this fraction.
On the 18th day, part of the cotyledons had fallen from the stems and at this time those still intact were removed and sampled. In both these and the 10-day cotyledons, ammonium tended to interfere with the utilization of starch as shown by the following data (mg. of starch in cotyledons per hundred seedlings): Ten days: NH4 cotyledons 307 mg., control 293 mg.; eighteen days: NH4 cotyledons 156 mg., control 144 mg. During the 10-to 18-day interval ammonium hindered utilization of reserve proteins.
Lupinus albus (17 days).-Ammonium injury was characterized by transparency followed by flaccidity of a region near the lower part of the hypocotyl. The roots of both series were apparently uninjured. Accumulation of amides in stems and roots of L. albus, which is favored by ammonium, distinctly differentiates these seedlings from injured Phaseolts (22 days). The conditions in white lupine with ammonium injury closely resembled those in yellow lupine with respect to the concentration of ammonia and amides. The higher concentration of reducing sugars associated with lower concentration of ammonia in ammonium injured Lupinus atbus stems and roots as compared with ammonium injured Phaseolus indicated more favorable conditions for accumulation of amides in the former.
Lupinus luteus (9 days).-The type of ammonium injury especially peculiar to this species was characterized by a transverse rupture soon followed by discoloration and flaccidity of a region near the middle of the hypocotyl. In contrast to the white lupine, protein regeneration and formation of amides in stems and roots were hindered by ammonium. The increase of amides in cotyledons was associated with a higher concentration of reducing sugar and a lower concentration of ammonia than in stems and roots. Utilization of reserve protein was slightly hindered, while utilization and regeneration of insoluble acid hydrolyzable polysaccharides were seriously hindered by ammonium nutrition. By correlating the results in table II with the composition of the kernels of the various species, it appeared that the nature and amount of the food reserves in the seed were important factors in determining the rate of ammonium absorption. The most rapid absorption was associated with Cucurbita (high oil reserve), while the lowest rate was associated with the high protein reserve of yellow lupine. Even though Phaseolus contained the lowest protein reserve, it did not favor rapid ammonium absorption. White lupine absorbed ammonium more rapidly than Phaseolus even though the former contained more protein reserve. Hence the nature of the non-nitrogenous food reserve appeared to be a decisive factor in governing ammonium absorption. Furthermore, the rate of absorption depended upon the stage of growth (state of nutrition) as shown by the 10-day and 10-22-day Phaseolus.
In the early stage of growth Phaseolus (10-day) accumulated but little ammonia through ammonium absorption, quite in contrast to Cucurbita. In the latter stage (10-22- 6. The resistance of seedlings to ammonium injury was apparently governed by the type and amount of non-nitrogenous reserves in the seed. The type of ammonium injury was definitely different in the various species employed.
7. Considerable accumulation of ammonia and low concentration of reducing sugars were associated with ammonium injury which may or may not have been caused by these conditions. There is need of more extensive organo-chemical investigation supplemented with histological and physiochemical studies to determine more satisfactorily the conditions associated with ammonium injury. 8 . Further investigation of these and other species is necessary to establish certain generalizations before attempting to classify seedlings with respect to their responses to ammonium salts.
